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Speaker Bio

Walt Musial is a principal engineer and leads the offshore
wind research platform at the National Renewable Energy
Laboratory (NREL) where he has worked for 31 years. In
2003 he initiated the offshore wind energy research
program at NREL which focuses on a wide range of industry
needs and critical technology challenges. Walt also
developed and ran NRELs full scale blade and drivetrain
testing facilities for 15 years. Earlier, Walt worked as a test
engineer for five years in the commercial wind energy
industry in California. He studied Mechanical Engineering at
the University of Massachusetts - Amherst, where he
earned his bachelor’s and master’s degrees, specializing in
energy conversion with a focus on wind energy engineering.
He has over 100 publications and two patents.
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All Floating Wind Substructures Rely on These Basic Archetypes

Spar:Achieves stability through ballast (weight
installed below its main buoyancy tank

Challenges: Deep drafts limit port access

SemisubmersibleAchieves static stability by
distributing buoyancy widely at the water plane

Challenges:
A Higher exposure to waves
A More structure above the waterline

Tensionleg platform (TLP)Achieves static e e Tension Leg
stability through mooring line tension with a Platform
submerged buoyancy tank

Challenges

A Unstable during assembly
A High vertical load moorings/anchors

Figure credit: NREL



First Phase of Floating Wind Industry has Spawned Novel Substructure
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wmg{Float . A Addressing the primary challenges with the
' archetypes is key to lowering cost

A The objective is to achieve floating system lifecycle
costs competitive in U.S. electricity markets

Equinor ;
HywinEgy A Next phaseOptimized engineering approach will
M yield commercial masgroduced utilityscale floating
wind systems
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University of Maine/olturnUSConcrete semisubmersible desig
has 55 patents

US DOE Advanced Technology Demonstration Program for
Offshore Wind

RWE & MitsubisHDiamond Generating Corporation to invest
$100 m

Site:Monheganisland, Maine
Power Purchase Agreement contract signed 2020
Start construction 2022, COD 2023
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Most Offshore Wind Deployment Has Been on Fixe
bottom Support Structures
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Leading Offshore —
Wind Countries
(Installed Capacity)

United Kingdom 8508 MW\
Germany 7441 MW
China 6007 MW
Denmark 1925 MW
Belgium 1556 MW
Netherlands 1136 MW
Sweden 196 MW
Fixed Bottom Floating
Figures current as of 31Dec 2019 27,208 MW Installed 84 MW Installed

The future floating wind eergymarket may be bigger than the fixdmbttom market



Floating Offshore Wind Will be Developed Where Wate

Are Too Deep for Current Fix@ibttom Technology

A 80% of offshore wind
resources are in waters
greater than 60 meters

A Floating wind enables sites
farther from shore, out of
sight, with better winds!

A Floating wind technology is g .
expected to be at deployed Some Areas of the World Being Considered
at utility scale by 2024. for Floating Wind

Portions of this slide were adapted courtesy of Aker Solutions
Sources: EIC Global Offshare Wind report 2019, Norwep, Equinor, internal analysis
® 2019 Aker So NREL |7



2019 Global Floating Offshore Wind Pipeline
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Total Pipeline

A

The total global floating
offshore wind pipeline was
7,663 MW at the end of
2019, based on projects that
have announced their
planned capacity.

1,549 MW of floating
offshore wind has reached
the permitting stage

The primary driver for
pipeline expansion is the
movement toward
commercialscale projects
developing in Asia.
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Cumulative Installed Capacity (MW)

Cumulative Installed Offshore Floating Winc

Capacity by Country to Date

EEE United Kingdom

Portugal

2010

Total installed capacity
grew to 84 MW.

2012 2014 2016 2018
Commercial Operation Date

A At the end of 2019, there was
84 MW of installed floating
wind capacity globally, growing
by 36 MW from 2018.

A Of this installed capacity, there
are 16 projects, with 9 projects
(62.13 MW) in Europe and 7
(22.06 MW) in Asia.

A Two pilotscale projects
comprising 3 and 5 turbines
have been installed in Portugal
(2020 labeled as 2019) and
Scotland (2017), respectively.
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Cumulative Installed Capacity

Cumulative Offshore Floating Wind Capacity b

Country Based on Announced COD Through 2(

SO P— A Projects with announced
3,200 | = Saudi Arbi e CODs in 2025 or before
B France ’
Spain announced through 2025. total 3,313 MW.
2000 oy i
2 400 | T i A A small number of
o= Urited States : commercial projects have
20001 2 Gommany ! announced a COD after
BN Sweden
1,600 - i Future 2025.
[ >
1,200 1 ¥ A Aqua Ventus | is the only
800 - J:f 4 U.S. project in the
I permitting stage and is
400 A {
i o now expected to reach
%008 2OI10 20I12 20I14 20I16 2018 20I2O 20I22 20I24 CommerCIa‘I Operatlons In
Commercial Operation Date 2023.
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Global Floating Substructure Market Share

7,663 MW of Installed and Announced Capacity in 2019

Semisubmersible 5,187.7 MW

Spar 346.5 MW

Barge 282.8 MW

1,816 MW of floating projects have not

Tension-Leg e s m reported their substructure type

Platform

T T T T T T T T T T T 1
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000
Installed and Announced Capacity (MW)

A 5,847 MW of projects in the pipeline have announced their substructure type (76%)
A Semisubmersibles account for about 89% of installed and announced capacity
AV LILINRPEAYI GSt & p: dza$S 2 NJ LIMW jloatin@windzpo@er pldnl). N&

A The remaining substructures are tensitmg platforms and barges.
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U.S. Regulatory Activity

Pacific Region (Floating) Atlantic Region
A There are 13 ease Areas e =
in the United States giving | '
developers exclusive site
control of about 21GW of
capacity

A BOEM has also identified
13 Call Areas

A Call areasare potential
future wind energy areas
that are under public
review
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